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Dear Readers,

Since the last issue of Science Focus, we have all fried to adapt o a new
mode of life. Online learning has become a norm for both secondary schools
and universities. Although we are used to learning “life hacks” from social
media and online platforms, it is perhaps too soon to assess the outcome of
substituting formal lessons with ones delivered via electronic devices. Have
you been exploring scientific topics that were not covered in the formal
curriculum, during this period of more “flexible” learning? If not, we hope the
articles in this issue will provide useful starting points.

Many of the articles are related to food. Did you know that a laboratory
accident led to the discovery of arfificial sweeteners? For those of you who
enjoy a ham sandwich, have you thought about the mathematics of cutting
one? What if the ham you used was originally from a laboratory instead of a
pig? Furthermore, did you know you have been “sharing” the sandwich with
frillions of bacteria in your gut2 We also cover topics you may have seen in
sci-fi movies such as Star Trek and Terminator. It turns out scientists have been
busy making teleportation and shape-changing metal a reality.

To conclude, | wish you all good health and good fortune for the rest of
the school year. Stay curious!

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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WHAT'S HAPPENING IN HONG KONG ?
& i i 5 S

Let Your Love for Science Flourish! RiEREIRREREBHNEE

Are you bored of staying at home? You can have some fun in the
two upcoming astronomical events! Stay safe and healthy.

RBEALPHBFRRE TS ? RMIhE TS FMERBNR GRS ZFREE  ZEMEEE—!

SOLAR ECLIPSE — JUNE 21, 2020 HR — 2020 6 A 21H

On June 21, 2020 (Sun), we will be able to see HSE6H21H ()  BMBEEE B0
a partial solar eclipse in Hong Kong, during which - b 4 e e o
about 86% of the Sun will be shaded by the Moon Bl —RARE  RERAXNEELGA 86% K

atf the greatest eclipse. The annular solar eclipse S - EatEEutEERNSEEs BRI
path will span over the two cities, Xiamen, China .

and Chiayi, Taiwan, where an annular eclipse EmEthE &GS R -

can be observed instead.

Observation from Hong Kong e EER

Start of eclipse 14:36:59 P (BERK) 14:36:59
Greatest eclipse 16:08:19 BE 16:08:19
End of eclipse 17:24:26 EE (Hef%x) 17:24:26
Please observe the solar eclipse safely. HEFEHEERNSEEERS | RO ESR

There are some tips from the Hong Kong Space . . . -
Museum. To observe the solar eclipse, you can ABXRZERIRHARY/ AL - OISR Z R R

also make your own paper “pinhole projector” RAERES—E SRS HEHE-
with the PDF file downloaded from their website!
101

# Ht: https://hk.space.museum/
zh_TW/web/spm/exhibition/
specialexhibition/2020-astronomical-

Website: https://hk.space.museum/
en_US/web/spm/exhibition/
specialexhibition/2020-astronomical-

events.html events.html
PERSEID METEOR SHOWER — FEIERER — 2020 8 A 12 H
AUGUST 12, 2020

“I saw a shooting star...and thought of you” S b SRR B0 = RS
— this year, the Perseids is expected to peak on B R EmpBIERBZ8 B 12H (=) kL
August 12 (Wed), 21:00-24:00. You may observe 21 & 24 - fRo]DUIE 12 HROEE @R LERE
the meteor shower during the entire night of B\ ERZEEN 110 BHEERZEB(IT

August 12, and there could be up fo 110 meteors NV ey sy .o ; a
per hour (subject to light pollution level, weather =<t = D ﬁff’ L ):Eiﬁ@%% 23(RIE
conditions, efc.). The moon phase will be 41.9% so =) BREErARALTE -

the moonlight won't affect our observation much.
Places with wide view of the sky and low light

REBRBFEENMAEERDM S EEEE R

pollution are suitable for the observation, such as ERMER NENHEAMABEKERE A
the East Dam of the High Island Reservoir, Tai Tau TE AR GEM A R BERI A RZRARMPESS - B ENRSED
Chav in Shek O, and Tai Au Mun (near HKUST). - g rigints, o @ AICATER RAE
Please observe the “stargazing etiquette” — use a R
red light forch and don't shine a forch into others. BAE@BIA-

To take photos of the starry sky, don't forget to BB K I S B A SRS 1 = e R

bring a tripod and a wide-angle lens. The summer = R “ N
Milky Way will never disappoint you, too. Get AR - BFRTTEHATTARERN  HUX

ready for a ton of “likes” from your friends! BN LEEEYT TIE like, 7!
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DISCOVERY OF THE FIRST ARTIFICIAL SWEETENER
B8 & A Ll

Artificial sweeteners are commonly found in many
“diet” varieties of food and drinks: from soft drinks
to bakery goods, canned fruits and syrups. These
sweeteners are synthetic substitutes of sugar, with little
fo no caloric content. You might see the common ones,
like sucralose or aspartame among the ingredients of
your favourite snack or drink! But did you know that
the discovery of the first artificial sweetener, saccharin,
came from experiments with coal tar and an accidental
laboratory spillage?

Ira Remsen was a passionate German chemist who
flourished in his work on sulfobenzoic compounds' [1] at
Johns Hopkins University. Around 1877, a Russian chemist,
Constantin Fahlberg, had joined his lab and they were
working together to oxidize a coal-tar sulfobenzoic
derivative [2], o-toluenesulfonamide [3].

One day when Fahlberg went home for dinner and
took a bite at a piece of bread, he was shocked to find
it tasted incredibly sweet!l He also detected that both
his hands and arms also fasted sweet, even though he
had washed them thoroughly! He concluded that the
sweethess came from insoluble remnants of an earlier
chemical spillage over his hands. Being desperate
for answers, he returned to the lab and tasted all the
glassware on his bench until he found the substance
with *eminent sweetening power.” [4] This furned out to
come from an overboiled mixture of o-toluenesulfonic
acid, phosphorus pentachloride and ammonia, which

resulted in o-benzosulfimide. Remsen and Fahlberg
published their discovery in 1879, describing the
compound as “even sweeter than cane sugar.” [1]

However, this is where the sweet story took a bitter
turn. After Fahlberg left Remsen’'s lab, he started to
realize the commercial potential of o-benzosulfimide
and further optimize its synthesis for large-scale
production, even conducting safety fests by feeding
the compound to animals and himself [4]. He realized
that the compound was not metabolized by the body
and was eliminated in the urine unchanged — meaning
that it could probably be a replacement of sugar for
diabetics and dieters, because it did not alter blood
sugar levels nor provide any calories. Fahlberg filed
patents? for this substance in several countries under
the name “saccharin” without Remsen’s knowledge or
permission, and even claimed to be its sole discoverer.
These actions left Remsen feeling betrayed and furious.

Saccharin quickly gained popularity in the US
nevertheless, becoming a nation-wide success and
a booming industry. Its increased consumption soon
drawn the attenfion of health experts. After studies
revealed a link between saccharin consumption to
the development of bladder cancer in male rats [5].
its use became highly scrutinized. For around 19 years,
saccharin had to be sold with a warning label [1] until
further research showed that those male rats had had
unique physiological conditions (high levels of urinary
proteins and calcium phosphate) that triggered their
tumor formation by producing microcrystals with




saccharin [6, 7], and these conditions do not apply to
humans at all [8].

You may be wondering how can a molecule like
saccharin, that is not sugar, tastes sweet? This is actually
a result of its specific molecular shape, allowing it to
frigger sweet taste receptors on the tongue through
a lock-and-key mechanism. These receptors fransmit
electrical impulses to the brain, creating the perception
of sweetness. The structural requirement for molecules
that act as "keys” to the sweet taste receptor “lock” is
described as a “triangle of sweetness” [?]: it needs to
contain two sites for forming hydrogen bonds® with the
receptor — one with an O—H or N-H group and one with
an O or N atom — and a third site of a water-repelling
group (e.g. hydrocarbon), forming a triangular geometry
within specific dimensions (Figure 1(a)). This configuration
is demonstrated in saccharin (Figure 1(b): an N-H group,
one of the oxygen atoms on sulfur and the hydrophobic
benzene ring) [10], allowing it fo bind perfectly into the
sweet taste receptor’s cavity. This same phenomenon
also occurs for other sweet-tasting substances, such as
glucose, sucrose or aspartame.

However, evidence suggests that saccharin also
activates other taste receptors on the tongue, including
the T2R bitter taste receptor and the vanilloid receptor
1 (TRPVI1). These may explain the bitter and metallic
aftertaste of saccharin, respectively [11].

This first commercialized artificial sweetener,
saccharin “Sweet'N Low™", had inspired the
development of similar products with improved tastes,

WARNING: NEVER TRY THIS IN
YOUR SCHOOL LAB!

Although it may seem tempting to touch and taste the
chemicals and biological samples in your school lab,
and you might make great discoveries...most chemicals
are not safe to consume or handle. It is always a good
practice to wear gloves in the laboratory and to wash
your hands thoroughly afterwards. Most importantly,
NEVER taste or consume any laboratory chemicals!

such as aspartame “Equal™” and
sucralose (Splenda™). More recently,
sugar alcohols (e.g. erythritol and
xylitol) and plant extracts (e.g. Stevia
and Monk Fruit) are trending as
“healthier” natural sugar substitutes.
Consumers today should be
content that such a wide range of
sweetening options are available
in the market, offering them the
sweetness of sugar without the
risks of weight gain or developing
diabetes!

Il IN s
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ATHEHEERZEEBERERMER S KEEER
o EETRKRAESR - BB ZRNSAE N m  XHE
Kig R2APEEEALSFTRE - RUBEENREENERE
BRI AR P BIRE RN = &M (sucralose - NEFER)
LB EEEE (aspartame) - A2 - IRAIESE—E A TEHKRE —
#E#E (saccharin) WEIR ZRBE S MBS MESR—R

ERmatEING?

Ira Remsen 2— IR WA EEEER HENHES
& HT K (Johns Hopkins University ) i EEEF(EE Y 1
(sulfobenzoic compounds)[1] - i B &5 AL i - 7 1877
F A #7728 {EE X Constantin Fahlberg A E
BE MAZFERGCESRTEY [2] — MERIERIZ
(o-toluenesulfonamide)[3] -

— &8/t L Fahlberg fEEIXARBEMNEE [Z7—OHES - 4
% MEMEBIRIMAZEREAH B EHEH - thERH
FECHEFMFEBIELRE R BlE 2 A SRS %E -
BB AR ER IR EZ R B Z AN B RS — mH{CEYERE
ZEMWEFE T 7 A ANERY) - BRIEEEERHESR
ez rEfRE wEER S FHNFANEBAREIIE T—R.
BEEMLEB "HAERIEK WYE [4]- &R BYERE
E & mm - AR RiER (o-toluenesulfonic acid) * &

N atom S/RF
O atom &/&F

Water repelling group
HKE

B C

550 pm

Figure 1(a). The “triangle of sweetness” showing the structural
requirements to activate the sweet taste receptors on the
fongue [9]. The numbers shown are the ideal distances
between the three sites (picometer (pm): 107 meter).

BE—8R REHRRZREN S F4aE — Mk =rE. [9] B2
FEON=MEIE Z RIRIEEAREERE (K2R (pm): 1072 2K ) -

S {E#E (phosphorus pentachloride) #1& (ammonia) &
B R #BRE A R PR ER iR (0-benzosulfimide) - Remsen
Fahlberg 1 1879 F8KEE8IR - WL "EEREMRERZRH L 2R
EaEEay [1]-

- EEEZ LS AE— B RNER - Fahlberg
BtFY Remsen BB 12 - B 1A 258 2 30 % BP i i ot oo AR A9
BEEK - MEE—DPHNRESHBRENEFEAREELEE &
ZETHYNECE LETZRAR 4] MERZIEEYAR
SEBARAHIE MEEEBRRFLEN — BEREE
ORUERENERm #HERFEEENHEATER BRE
A E & MiEKFE NAGRMEE[AIZE - £ Remsen A
BEFRBEENIERL T Fahlberg B "saccharin (#E#5 ) 4
WEBTEHERRPRE 7S TEBHEECHE—WRIRE &
Remsen EEIZERFMIER -

BEWL BRERRABREZHESHNEE KA —EEH
AN S ESR - AR ENACEFEEARRS IR
TREERNIE EZEEEABNHRAD RIS ARG
BEiEERZE (5] MENZEMRIAER EHEENX
HNTNERE BEEEBEREPMNEESTR (1] BE2E—
THRELEEAESEBRHNEERE AINSKESNE
BLS5IKT - MBS S MRS MERERRIC (6, 7]
RIMELEA NI AT ZEEANBEA [8]°

fREJBEE A8 . B —EAZHER D F (PILHERS ) SBEMHIK?
EHERRAREBBEND FEE EHEUMGMELRE X
RUENEEE CROBH IR R ERFT AN - ELERR B E O AR HE
Ik - S FFIRRB IR - BIEME "R, — R0 FAERBEXK
WHBR THEK=, FAUHERF"E, — HRERE -
HR=m, FEAMEARZRELERR > NUE: —E
EH®Z20-H % N-H & - Z5—EE28IERT; F=E
BRIFER—ERKE (AINKSEEY ) =FRM—ER
EXRNN=EEREE (E—F)[9] BT EREEEE (E
—Z:EE—EN-H & B[R EGNERFMN—EHK
IR ) [10] - EETI P SE =i B IR LR SR MDA S - 8




BeIdRREMEEHKNYE  SINEE R =R
e -

M- BN ADELEE U E TR EEMARZ S &
B T2R EREARBNEESE —E X (TRPVL) - ENRIEHE
BHASERNEBRERRTERRA [11]-

ERF—ERETEHA TN #&15 (Sweet’ N Low™)
R Y RBEMRNER GEMEHH (Equal™) M=k
(Splenda™) - B EmMERE LHLBUR - AFINARTE
WEhg (FRERE - AERE S ) MEMIREY) (M3 - BERE
L) BENEERBRENKANE HEERZSSKSH
hEEMENRENAEEEREIRE EREEEIRMIERMH
TREY )RS - So 2 A8 BIBMNAN & HEFRBRIERR -

Figure 1(b). The “triangle of sweetness” in saccharin [10]. The
electron-rich region between the two oxygen atoms can form
a hydrogen bond with the sweet taste receptor.

BE—Z #EiEe) "Bk =5, [10] - MEE/R - PRIEFZE S ED]
DU IR RS2 28 T I e -

References £E&iy:

Bl A RAERA B R S A E !

Hfl K AR TR I 5 2 LA R A L R R AR ) BR AR B AR,
IEATRET N TR A] RERE S B R BB - A2
R ERY B A B BB T E A - 72 H
BEN > BMEZE T E > WAEEBALETFHUR
Vel o IR A - ABIZ MEATE B A L2 !

1 Sulfobenzoic compounds: Compounds containing a
sulfoxide group attached to a benzene ring (Ph-SO2R)

BEXESY : —EHINEEY 82— (A% A FIRNDMNE
(Ph-SO2R)

Patent: A right or ownership to protect a certain invention
by preventing others from making, using and selling it, which
usually lasts 20 years from the filing date.

57 H—(E RN AE  IJLUEBMLERIALEE - FRMEE - 1Eimix
EARA AR - BB E SHBF LN T F -

Hydrogen bond: A relatively weak, non-

covalent infermolecular interaction between

an electronegative atom (N, O, F) and the
hydrogen atom covalently bonded to another
electronegative atom (N, O, F)

qil —EFHLE AERBHH FERS N SHIRE—EE
BUHRNERF (8 -8 7)) N—EREEEUEANRF (S 3
a)mensRTZE-

[1] Hicks, J. (2010). The Pursuit of Sweet. Retrieved from https://www.sciencehistory.org/distillations/the-pursuit-of-sweet.
[2] US Government Printing Office. (1963). United States Import Duties (1963).
[3] The Editors of Encyclopaedia Britannica. (2017). Saccharin. In Encyclopcedia Britannica. Retrieved from https://www. !




Dark room
fs =

Figure 1. E—

T For readers who learned some quantum mechanics before,
the uncertainty principle is a direct result of the phenomenon
of "wavefunction collapse." A wavefunction collapses
whenever it is observed, so information is lost. Inferested
readers can refer to the article "Quantum Mechanics — Your
Eyes Can Kill Schrédinger's Cat" from Issue 016 for an excellent
infroduction.

NMREBEEAEEBETNENE  AREUFREEEME R REINRE .

(wavefunction collapse) B4R - KRB E EER 522 2 N34 - Bl
HAEMSERZERIER - REBNEEZ S EE-ANHN (21D
B fRWEIRAEMILE: T 1BHH) B2 —EBEHSIA-

You might have learned that light is a wave because it
produces interference patterns, but light is also a particle.
This is a result of wave-particle duality, and again, interested
readers can refer to the article in the above footnote.
{ROBEER BN B RN —TE  ERECEELET SRS - BXthE BT
BRI 2% (wave-particle duality) &R - B - B LR
EEMODIZED EEFHPHIXE-

Q U O ﬂTU m teleportation is an

unfortunate misnomer. Contrary to what portrayals
from popular media and news titles might suggest
(like “First teleportation from Earth to orbit” [1]),
quantum teleportation is closer to a facsimile
machine than a fransporter. It's like copying data
across two computers, except that here we are
fransmitting the data of particles instead. More
precisely, it produces a particle at site B identical to
a particle at another site A without ever physically
tfransporting the particle.

At first glance, this might appear straightforward.
All electrons are essentially identical, and identical
particles are indistinguishable, although they may
be in different guantum states. If we want to teleport
an electron aft site A to site B, we only need to get
all parameters that characterize electron A — like
its position, momentum and spin — and manipulate
electron B so it has the same parameters. This
approach is, however, prohibited by Heisenberg's
uncertainty principle, which states that one can

Quantum Teleportation,
Fax a Particle to the

| =]

Eregae (quantum teleportation) 4 EX &
HEAXRE, BATRERBRAHTEEELAMANER
MR (FEN(EENFRMIKEZES KZEHME) (First
teleportation from Earth to orbit)[1] &) - 2 FEE
HHGEEH HEENGBEE -HBEEREMAEK 2
BEAENT2EL FARERMREBEEANFHER
Mme - BERMER BEPSEBMESE—TE A BT
MEIRRIF - AR EZE A BRONF -

EFR—EBEAERM PIEEFAELERTEZ K A
s HATCMHWEFROEAR - MREMEEL—H
B AMBZEIBY HMARBTERNSHAMLE
AMZY — BW5R HUE BEMBR — RARUES
¥ B FEMNMESHIHAEF AR - BRI S/
ERBHREAETE IR (Heisenberg' s uncertainty
principle) ; EFIBE HE XK EE AT — B FH
FRAYBER " - PR Rl S &0 MO0 S it o SRS - EWER -
BMER=—@EYiE FoEIEmMBEEMNE - XA
RN BRI F2HNFER BE—RBAFHRNAR
EUFERENYER EXMRBZERMERER X
PR IR ESBHARHEE Bt ERMAXFAS



or How to
Orbit

never determine all physical properties of a
particle'. Measurement inevitably alters an object.
For example, fo see an object and know its position,
we need to shine light onto it. Light is composed of
finy particles called photons?, and while a photon
is foo small to influence a macroscopic object, as
we reduce the object's scale to atomic level, the
force of a photon becomes significant. Therefore,
once we determined the position using the photon,
it would have kicked the particle away. Figure 1
is an analogy in our macroscopic world: if we are
only allowed to find out the position of a football
in a dark room by shooting billiard balls, we can
imagine that, even if we knew where the football
was from the frajectory of the billiard ball, the
football would have already been struck to a new
position. This, then, seems to rule out any hope of
remotely tfransmitting a partficle's data.

Fortunately, we do not need to explicitly know
everything about a particle in order to tfransmif its
state. The key is a property known as entanglement.

IS —

B-BRFROUER ERNUTFOEBCTEE - BH—
E—EERHREFAOLLRE  MRFFRBELIRIKIEE EIK
MAXNEREPHEERNUE RPUITUEE MER
PRIV ERNBIRRANNUE - BIKE EHKIER
—EMHAE - EREER  BEREBENFEMNTAR

G ATA -

EFHHNE BMTUEARTZHENFHNFREER T
BEEWEFSR HEARERBR/EFALE (quantum
entanglement) 94514 - G AU 4RI RIF A F1 B BO45 14
o — B E R A AU REEEP —FEF
ROREHE - HEMIEER L SO —RER R M - BRIE Z 9h - ISR
ENF A B O UEREE - BRME K F A BN
WENAGHISEIN B — EEBREMBEEBER"
EWHBEEIEA (spooky action at a distance) J WIREEA -
BE—HALBREREN SEFENEMAE .t
EME—REBLAEENER — NR—ERZE 5—E
MERA — BEESHEEUENFRTHE - KM
HHETHE REEERANER FBFABASHE
ol it ESHEE B A& -

The characteristics of a pair of entangled particles,
A and B, can be described as a single system, such
that the state of each member can be measured
and used fo infer that of the other. Moreover,
the change induced in A is also mirrored in its
empathetic twin B even though the two particles
are separated far apart — that's why Einstein called
this “spooky action in a distance.” Imagine a pair of
mischievous, telepathic twins who hate giving the
same answer o the same question — if one answers
yes, the other will answer no — and this is how a
pair of entangled particles behave. Measurements
can be made to gather information on the system,
but they inevitably intfroduce further changes to the
system.

Entanglement is the main principle behind the
quantum teleportation achieved by a group of six
researchers at IBM in 1993 [2]. Here's an abridged
version of their procedure: Suppose, as Figure 2
shows, Alice and Bob each getfs one particle from
the entangled pair A-B. Alice, who wants to fransmit

j‘j_‘i? %‘Ej(% By Terrence Tai Ei}EEE

IBM RO E I 5 & 1 1993 ERETNEFEBEH A
Rl mEEREFUEFLAESNRE - LTNE2EGRR
A@7E : B PR - —FaYa Alice 1 Bob it —¥40 B 4|
BRURIT A-B h O RIER T—RHIF - Alice BIESZ—FR




another particle, C, to Bob, entangles her particle
A with C, so B is also remoftely influenced by the
combined A-C system even though they have
been separated. Then, Alice performs a standard
measurement on A-C and sends the result to Bob.
Although the data alone is insufficient to describe
C, Bob can make use of the data to transform B,
which is remoftely influenced by the measurement,
so that it becomes identical to the original C.
Meanwhile, the original C and its entangled twin A
are both destroyed by the measurement. This is how
Alice and Bob can “teleport” a particle without
knowing everything about its state.

Quantum teleportation has become a staple
in quantum fechnology since experimentalists

MIF C A4S Bob - PR B at ORI+ A A C 4U4E7E—#E -
FEZEENBHESH A-CRMTE - FAE  Alice B A-C
HBET—RAE BEREEL Bob - HEAREIBEASZA
LU C-{E Bob aJDURIB S LLE R (transform)
TRERTENB FHRHEMARR CHENEFLE,; M
[F2RE CHEEHEEAEN "E#E5E A RENETZE
1% - EWLE Alice f1 Bob Al EEAE— B FHET
BERVIEL T RESD TEE L B E -

BT 1998 F—FEBRASRINTHEFES (3]
ZE BRMBRATEFRINNEZ IR - BHP—ET&E
NERARELZEZEFRELE 4] FAEEMRIEMILER
BEUEBEWREAHBENERL IBESEFEGE RAEHIBE
PHWEMASEHLESNENES ROBRRINESE
F =7t (qutrit) - —EA =& BEHN Z 4 (three-state
system) MEERBERAREEFEHBRNS —KL [5]-
TEEARNRE - HFBEEZE ARG ? RLIHSEKTIEE
BREKE AAAZHERNEZRESR D KABEE
o] f8 R A9 2R 52 AR = P RO £ 1T R £ -

References 2E&EH :

successfully teleported photons as a proof of
concept in 1998 [3]. One potential application
is in secure quantum communication [4]: the
uncertainty principle prevents hackers from
eavesdropping quantum communication without
alerting the recipient, because any measurement
on the transmission alters the message. Recent
experiments have demonstrated that qutrits, a
three-state system, can be teleported, which is yet
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TO your knowledge, how many elemental
metals are liquid at room temperature? The answer,
of course, is one: mercury as it possesses a melting
point of —38.8°C. Besides mercury, scientists have
been busy at work to create alloys, by the fusion
of two or more metals, which would also assume
the liquid state at room temperature. What may
astound you more is that in recent years, scientists
have also created liquid metals that can assume
predetermined shapes on command. This excifing
avenue of research, albeit in its infancy, has been
dubbed by many as “programmable liquid matter.”

The basic idea that led to the rise of
programmable liquid matter is a concept first
suggested in 1991: “programmable matter.” [1]
From the name itself, you can already infer that the
material is meant to be able to change its physical
properties based on the user’s instructions. The
change is triggered by an input of some sort, be it
environmental or user-induced. Hence, the term
“programmable” is used as it is similar fo giving the
matter a “program” to run on when changing its
physical propertfies. In the confext of programmable
liquid matter, it means that the liquid metal in
question will be morphed into various fixed shapes.
Sometimes, even its physical properties such as
electrical conductivity and surface ftensions can
be modified. A particular research team from the
Universities of Sussex and Swansea creafted an
alloy that can morph from one shape to another
according to the direction of an electric field [2].

Before actually making the liquid metal move,
researchers had to do a lot of work. To start with,
they created a low melting point eutectic' alloy
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composed of gallium (Ga) and indium (In), which
looked like mercury in its appearance. In order to
allow the liquid metal to twist and move to assume
different shapes, it was pre-treated with sodium
hydroxide (NaOH), a highly alkaline solution.
The hydroxide ions served to generate negatfive
charges on the liquid metal surface by reacting
with gallium to form some tetrahydroxogallate(lll)
anions (Ga(OH)4™). Meanwhile, Na* cations in the
solution would be electrostatically attracted to the
negatively charged blob, coating it with a uniform
positive charge (Figure 1). Under this equilibrium
state, the blob would assume its most stable shape
— a perfectly symmetrical sphere.

This charged form of the liquid metal can be
deformed when charges are applied fo it via
electrodes. When the anode (positive terminal)
comes into contact with the liquid metal sphere,
the surface charge of the blob would switch from
negative to positive. This disrupts the previously
established charge equilibrium, causing the
spherical blob to collapse, flatten, and gradually
spread towards the cathode (negative terminal)
(Figure 2). As a result, we could make the liquid
metal move in any desired direction by controlling
the position and voltage of the electrodes. To
enable an all-rounded control of the liquid metal’s
movement, researchers suspended iton a7 x 7
electrode array. By programming a sequential
change of the voltage and connectivity for the
49 individual electrodes in the array, they have
managed to control the liquid metal’s form to take
the shape of the letter “S” or that of a "heart.”
(Figure 3(a) & 3(b))



Figure 1. E— [2]

There are undoubtedly many quirky applications,
bordering on sci-fi, for this programmable liquid
matter in the fields of robotics, medicine and
military. In terms of robotics, it may be possible to
manufacture more flexible robotic components,
which will allow for greater reach and the ability
fo squeeze through tight spaces that conventional
robotics are incapable of achieving [3]. Likewise,
programmable liquid matters may have useful
applications as a nano-drug carrier or as a
minimally invasive surgery tool. On the military
side, it's possible that programmable liquid matter
can create self-repairing metal armor for military
vehicles to increase their durability.

However, there are still many limitations to
the current form of this technology. One major
obstacle lies in the pre-treatment phase to create
the programmable liquid matter in question as it
requires large amounts of alkaline electrolytes, a
highly corrosive substance, for even a finy droplet of
programmable liquid matter. As a result, it is hardly
cost-effective in its production. Another limitation
is the difficulty to manipulate the liquid metal
outside of a lab sefting as the technology relies on
an electric field and is easily disrupted outside of a
controlled environment.

This is the story of programmable liquid matter:
a new, previously unimaginable class of materials
that can literally bend to your will thanks to electric
fields. While the technology is still in its infancy, we'll
hopefully see these programmable liquid matters in
action for some revolutionary robotfic components
and in various other applications.

1 Eutectic system: A mixture of substances, in a specific
proportion, that contains a lower melting point when
compared with its constituent substances’ melting points
or any mixtures of different proportions [4]. This allows
the gallium-indium alloy to assume a liquid state at room
temperature even though its constituent gallium and indium
metals are solids at room temperature.
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W h e ﬂ it comes to LASER (aka light

amplification by stimulated emission of radiation),
what will you think of2 Is it the LASER gun in Star
Wars, or its everyday applications in scanner, optical
communication and CD player2 Although we may
take it for granted, three excellent physicists, Arthur
Ashkin from Nokia Bell Labs, Gérard Mourou from Ecole
Polytechnique and Donna Strickland from University of
Waterloo, were awarded the Nobel Prize in Physics 2018
because of this technology. This arficle will infroduce the
optical tweezers invented by Arthur Ashkin.

By the use of a highly focused light source, optical
tweezers are a tool that allows opfical tfrapping, and
the manipulation of many micro- and nano-scale
materials. It harnesses the radiation pressure of light,
which generates force to move tiny fransparent objects.

micro- or nanoé
particles who

optical twee
To do 5o,
tweezefs

spectrum
fechnology

by Raman tweezers:r
accurate diagnosis of b

After reading this ar
that a technology that!
physics can also have
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B3 A2 2" & 5 L (light amplification by
stimulated emission of radiation/LASER) - 55 —{& ¢
TSP ZFRENEAGEMER?ZEX (EXAH)
MHRERNE 2T EREE LBEM HHEEW
RELFIWEAR? EERMESKRELEFTFTEURE
BT AMES =M HNYIBEERENE 2018 EMFER
WYIBEE. KR E: REEZHEWE R = (Nokia Bell
Labs) 8 Arthur Ashkin- 2RBZBIER A SIE T2k
(Ecole Polytechnique) &9 Gérard Mourou B % 3 B8
M= AXE# EARE (University of Waterloo) # Donna
Strickland - b - KX EZE /T 4 H Arthur Ashkin F 3
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The Making of
a Cozy Home...
With Snow
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|mOg I ne roaming around the frozen Arctic

all day, at =30 to —40 degrees Celsius with powerful winds
blasting around you. There are no frees or other materials
nearby to build a cozy wooden house, and all you see is
snow. But that's exactly what you need to survive in this harsh
environment...by building an igloo!

Igloos have been the Inuit's' main shelter, allowing them to
survive in the Arctic for 4,000 years [1]. Our intuition tells us that
igloos should not work — how could snow be used to build
such warm stable dome structurese This may be a mystery to
most people, but it can, in fact, be explained by simple physics!

How to Build an Igloo?

Igloos are essentially built from a collection of snow
blocks, which are usually extracted from the ground using
long blades and knives. A skilled igloo builder stacks these
snow blocks in spirals. The builder will shave a slight incline
on the top of blocks so that they filt inwards after each spiral,
until the entire dome-shaped structure is complete [2-4].

To construct a sturdy igloo, two aspects are critical. First,
the type of snow used has to be dense, dry and compressed
[5]. This tends to be deeper ground snow, between the very
fragile fresh snow and the heavy, dense ice.

The second is the shape of the dome: a stable igloo should
have a cross-sectional shape of a parabolic arch rather
than a semi-circle. A parabolic arch is perfectly optimized
to minimize structural fension and maximize compression,
which is vital for building with a weak material like snow. In
other words, its geometry ensures all the snow blocks exert a
force to squeeze themselves together, making it one of the
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most stable shapes [5]. Meanwhile, a semi-circled arch
contains certain sites of higher tension (as indicated in
Figure 1), in which the snow crystals are pulled apart,
causing the igloo to collapse easily with a little force [5]

Figure 1. Force trend arrows showing the resultant force
direction in a semi-circled shape with blocks of high tension
and instability shown in white (left), and a parabolic arch
shape (right) [5].

E— Sl RETG¥E (£ HEEERSRIN A EEE) F
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How Does Igloo Keep Us Warm?

Now that we know how an igloo is built, but how
exactly does the snow keep us warm?2

First we need fo clear a misconception — the terms
“hot” and “cold” are relative, simply used to describe
our perception as a result of heat transfer; (at most of
the time) we feel cold when the body loses heat to the
surroundings [6]. Therefore, our goal is to create a space
that is thermally insulated from the freezing environment.

Igloos are perfect structures for preserving heat. This
is primarily due to the property of compressed snow
blocks: they are filled with air pockets and contain up
to 95% of trapped air [2], making them an excellent
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thermal insulator. In addition, snow is a very reflective
material which can reflect heat inwards in the form of
infra-red radiation. Hence, the body heat radiated from
a person inside the igloo can be retained very efficiently,
as the heat loss through conduction and radiation is
minimized. As expected, the temperature inside the
igloo can easily be raised with more people, or by using
oil lamps or candles fo increase the heat release.

Other than conduction and radiation, Inuits also
take advantage of their knowledge of the third method
of heat tfransfer, convection, to prevent heat loss. You
may have heard of the fact that warm air rises, and
cold air sinks. With this phenomenon in mind, igloos are
constructed with a sunken entrance funnel, with areas
of snow dug down, and raised sleeping and living
platforms [2, 7-8]; thus, the heavier cold air sinks towards
the lower entrance area, and the upper areqa, where
the Inuits sleep and reside in, are surrounded by warmer
air. In addition, the sunken tunnel can also prevent chill
wind and snow from blowing in directly [2, 3, 8].

Collectively, all these factors could lead to an indoor
temperature of close to 15°C inside the igloo [1, 7-8]
even with an outdoor temperature of around —45°C!

With the laws of physics at play in the )
igloo’s architecture, one can live in a
comfortable and cozy snow home in the
freezing Arctic.

' The two groups of people, Inuit and Yupik, are
often referred as Eskimo. Nevertheless, the
term "Eskimo” may be considered pejorative
because it is associated with the meaning of
“eater of raw meat.” [9]

maa - B PINURERNR —45°C BEEHEMNE
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By Chantelle Sullivan &&%

di2r | |ﬂ the prehistoric ages, hunters made
=/ _Jweapons to aid in their pursuit of prey for
= qud. But with the passage of time, humans’
"/ _expanded wealth of knowledge led to animal

| domestication, arfificial selection and genetically

"\ However, this process equates to misery and
“suffering for many animals involved, and places
| a tremendous burden on the environment. Meat
- | production accounts for the use of a surprising
Wi | 126% of the Earth's ice-free land area [1], 27% of

W global freshwater consumption [2] and 18% of
1 . tfotal human-caused greenhouse gas emissions

. ~"[3]. Seventy-four billion land animals are killed

© every year just for human consumption [4].

It was estimated that every kilogram of beef
requires 25 kilograms of grain and 15,000 liters
of water [5]. Deforestation constantly occurs in
. areas such as the Amazon rainforest fo make
‘space for beef farming [6]. However, animal
N N products only accounts for 18% of the calories

\ and 37% of the protein that humans consume,
proving it to be an inefficient food production

Cultured Meat: The Future of

the Meat Industry

system [7]. With climate change, limited resources and
environmental pollution becoming pressing problems
in foday’s world, more innovative methods are required
fo avoid the negative environmental impact caused by
factory farming. The emergence of cultured meat can
potentially be the solution in rendering factory farming
obsolete, acting as a more environmentally friendly,
sustainable and healthy replacement.

Many biotechnology start-ups are working on
developing cultured meat on a large scale. The process
involves obtaining satellite cells from an animal’s muscle.
Also known as muscle stem cells, satellite cells have
the potential to divide and differentiate into different
subtypes of muscle cells when they detect muscle injury.
They are also activated for muscle hypertrophy, which
is the process of muscles growth and enlargement after
consistent, intensive exercise. Once plated in growth
media, the satellite cells divide and differentiate into
muscle cells, which double in number every few days.
When a sufficient number of cells are reached, they are
guided into forming strips through the use of scaffolds'.
These scaffolds mechanically stretch the cell layers
to induce further growth and increase in their protein
content, just like the muscles that are normally found
in animals. Certain companies have incorporated the
use of bioreactors to encourage larger scale growth of
such muscle fibers. Current research is also looking info
combining fat cells into the layers to produce a more
authentic meat flavor, since muscle cells alone will be

rather tasteless, very fough and chewy.
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Although cultured meat may sound like a great
replacement of meat production at first glance,
further refinements have yet to be made to increase
the sustainability of the process. Cultured meat start-
ups around the world are looking into solutions to
tackle the current longstanding problems. First,
growing meat (which contains muscle and fat cells)
in the laboratory requires vast amounts of fetal bovine
serum (FBS) — the conventional supplement in growth
medium used for culturing cells in the lab, which
contains growth factors, proteins, vilamins and other
substances required for optimal cell growth. It is also
subject to widespread criticism and negativity, since
it is extracted from the heart of calves by a cardiac
puncture without anesthesia, following the slaughter of
pregnant cows [8]. Since FBS is a byproduct of factory
farming, ongoing research is carried out on looking
for serum-free alternatives to grow cultured meat. A
study conducted by Fujita et al. showed the promise of
using serum-free media for growing myoblast cells [7].
Myoblasts are descendants of satellite cells. They have
the ability to fuse to form myotubes, a multi-nucleated,
elongated structure which indicates they are on the right
developmental frack towards differentiating info mature
muscle cells. Some scientists are venturing towards the
search for suitable plant-derived growth supplements to
replace FBS for cell culture. Such research paves the way
for the possibility of culfured meat to be commercialized.

DA

Another problem lies in the scaffold required for the
orderly three-dimensional growth of cells — another
hurdle for scientists in the cultured-meat industry to
overcome for easier meat production. IntegriCulture, a
Japanese biotech start-up which focuses on developing
cell-based meat, has suggested the possibility of using
edible materials, such as sponge collagen, chitosan?
and chifin, as scaffold [10]. In fact, earlier in 2009,
scientists have found the microporous collagen-chitosan,
a material prepared by combining collagen and
chitosan, to be a suitable scaffold for the proliferation of
fibroblasts, a type of connective fissue cell [11]. Research
from the Chinese University of Hong Kong has also
shown that the collagen-chitosan scaffold enhanced
the growth and division of rat stem cells from their bones
[12]. Although this mixture of scaffold has yet to be tested
amongst satellite cells, it is undoubtedly an area that
deserves more investigation.

While there is still a ways to go before cultured meat
could become the norm for satiating meat lovers around
the world, the progress made in this industry thus far is
promising! Start-ups are blooming in the United States,

Europe and Southeast Asia, with a focus on slaughter-
free methods of meat production. The rate of consumer
acceptance for cultured meat is also encouraging. The
ability to produce cultured meat holds much excitement
even for us, as it means we can delight in the possibility
of consuming delicacies from sashimi-grade fish to
plump Peking duck, without harming animals nor the
environment.

1 Scaffold: A structure that provides proper surroundings and
mechanical support for the cells to grow onto it. It also guides
the tissue to grow into the desired shape.

2 Chitosan: A polymer derived from chitin, a substance which
makes up the shells of crustaceans, e.g. crabs and shrimps.
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Hungry Mathematicians and

the Ham Sandwich
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Mathematicians ie e food

(a lof). There are theorems about numbers, functions,
circles, friangles — and theorems about pizzas,
potatoes, cakes, pies, donuts and sandwiches. We'll
visit one of these here — the Ham Sandwich Theorem,
a problem on sandwich-cutting proposed in the late
1930s [1].

There's an ongoing debate whether cutting
a sandwich info triangles or rectangles is the right
method; however, we are considering something a
little less aesthetically pleasing — what if your little
brother has nipped off a corner of your sandwich,
or the piece of ham inside has been folded info
some odd shape? No matter what the shape of the
sandwich is, can you still divide the sandwich into
two equal halves, to be shared amongst two hungry
people?

Our Tool: The Infermediate Value Theorem

It might sound absurd, but mathematics tells
us that no matter how irregular the shape of the
sandwich is, there is always a way to cut the sandwich
into two equal halves in one cut. This is due to a result
in calculus called the Intermediate Value Theorem
(IVT). Now that I've said the C-word, however, don't
run away just yet — Figure 1 can help you visualize it.

We will only look at the part of the graph that
is between a and b, which generates the function

VA
JO

values f(a) and f(b). Basically, the Intermediate Value
Theorem tells you that there is always a number ¢
between a and b (on the x-axis) that produces a
number between f(a) and f(b) (on the y-axis) [2] .

IVT looks intuitive from a graphical point of view
— think of the curve as a mountain. If we start at sea
level, at the foot of a 200m hill and climb up to the top,
at some point we are bound to pass a point that is at
100m above sea level. We will not go into the details of
the intimidating math here, but this is the general idea
and what we need for this argument.

One thing to note though is that IVT requires the
function to be confinuous, which means that it
doesn't break open in the middle. You can see this
in Figure 2; you can never find a number x for which
g(x) is between 0 and 1, since the function has a
sudden jump in the middle.

The Solution

So what does it have to do with cutting our ham
sandwich into two equal halves? It turns out that all we
have to do to solve this problem is to apply IVT.

More conveniently, we will first consider the two-
dimensional case, which is a problem of slicing two
flat pancakes into two equal halves. You may have
learned already that a line can be described by its
slope, tan(a), where a is the angle it makes with the
positive x-axis, and ifs y-intercept, c.
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Hungry Mathematicians and

the Ham Sandwich
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For each line with slope tan(a), it is possible to draw
it such that the first pancake is sliced in half, even for
any value of a. Then we need a function fo complete
the argument — here it is most convenient to take the
difference in percentages of the area of the second
pancake as our function, taking the right hand side
of the line, as seen by an observer from the handle
of the knife, as positive. For example, if 20% of the
pancake lies to the left and 80% of it lies fo the right,
our function would equal -20% + 80% = 60%. The sign
of the function flips when you rotate a by 180 degrees.
So we can see that there are values of a where the
function is negative (more of the pancake is on the
left), and where it is positive (more of the pancake is
on the right).

Take a pair of values with opposite signs; by
applying IVT, we conclude that there is a certain a
which causes f = 0, indicating that 50% of the pancake
lies to the right and 50% lies to the left of the line. Our two
pancakes are now sliced into equal halves in one cut!

And now it is fime to tackle our original problem.
To simplify things, we'll split the sandwich info its three
parts: two pieces of bread and a piece of ham. Now
the area of the pancake becomes the volume of the
piece of bread/ham, and the cutting

line becomes a 2D plane.

Consider the top piece of bread. First note that
there are three ways you can adjust a knife: franslating
along the vertical axis (p), and rotating in two angles
— along the plane of the bread’s surface (6), or the
tilt angle (¢). We can reuse the two-dimensional result
above by first tfreating the two pieces of bread as in
the case above, and immediately obtain both p and
6. Before we proceed, we note that both p and 6
can be described as functions of ¢ — as ¢ changes,
p($) and B(¢) also change accordingly, but both are
defined above so that they always cut the first two
solids in half.

The final step is fo add the piece of ham. We can
then consider f3(¢), defined as above as being the
difference in percentages of the volume of the piece
of ham, its variable being the remaining tilt angle, ¢.
The sign of fs flips when you rotate ¢ by 180 degrees,
which gives us a pair of positive and negative values
we can take as our boundary points. Then, by the IVT,
we know there is a certain value of ¢ where f3(¢) = 0.

Combining the results from all three parts, we then
know it is possible that all three pieces are cut into half,
which is exactly what we want!
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Some readers might have questions about the continuity
of the argument. Admittedly, the continuity of the
argument here is actually not guaranteed by IVT; it is
more accurate, instead, to use the Borsuk-Ulam Theorem,
a famous result from algebraic topology that can be
described as a sweeping generalization of IVT. I will not
dive into the details here, as it involves quite a bit of
difficult mathematics. For the intrepid reader, here is the
alternate proof for our ham sandwich problem:

The Borsuk-Ulam Theorem guarantees some point where
f(#) = f(-¢), the minus sign being our knife “switching
sides” (rotating by 180 degrees) — so the only case in
which this relation holds is when the solid is cut into
half. In this case, setting up two volume functions for the
ham and bread respectively, we can directly claim the

existence of p(6, @) s.t. f2(p) = f3(p) = 0, so the two solids
are bisected.

An Alternative Way of Thinking

If you don’'t want to dive into the nitty-gritty of
the math here, it's possible to view this problem as a
counting problem. The volume of each of the three
solids is made up of three dimensions — namely the
X, y and z axes, so the volume is a function of three
variables — length (x), width (y) and height (z). There
are three different variables you can control. When
solving simultaneous equations in three unknowns
that depend on each other, one can at most impose
three non-overlapping conditions in order to get a
solution?. This is a similar logic to the puzzle above: we
can only impose at most three conditions, in this case
dividing each of the solids into half, for which there is a
solution. By comparing the number of dimensions (three
unknowns, three constraints), we can solve the problem.
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The Ham Sandwich Theorem

Generalizing this logic, we can arrive at the
statement of the Ham Sandwich Theorem itself: given
n objects in n-dimensional space, there exists an (n -
1)-dimensional hyperplane® that simultaneously cuts
all n objects in half. For our case, we are dealing with
day-to-day, 3D space (n = 3); the theorem says that
we can cut three objects in half by a 2D plane, in our
case the cutting plane created by our knife.

We'll test this statement out with a second
scenario. Suppose Bob is craving cheese, and he
adds in a piece of cheese to the sandwich. However,
this seemingly insignificant act might make our task of
dividing the sandwich impossible. From the theorem'’s
statement, we know that only three objects, but not
four, can be divided by a two-dimensional plane.
As a reminder, there are only three variables we can
control about the knife.

One last note — so how exactly should we cut this
sandwich up?2 We don't know. IVT only tells us that such
a way fo cut the sandwich exists; it doesn’'t mention
the way you can cut it up at all. In other words, if your
little brother has taken a bite from your sandwich, it's
probably a better idea fo make a new one for the
friend you intended to share your sandwich with!

' For more mathematically inclined readers, the formall
mathematical statement says: If f(x) is continuous between a
and b, then for any number y safisfying f(a) <y <f(b) orf(b) <y <
f(a), there is a number c satisfying a <c <b and f(c) = v. [2]

N

Some readers might note that not all sets of three equations
in three unknowns can be solved (for example, the system x +
y+z=1,x+y+z=2andx+y+z=3is clearly unsolvable). This
is purely an analogy; the mathematical argument using IVT
guarantees a solution.

Hyperplane: A subspace which is one dimension less than its
ambient space; in our case about bisecting the ham sandwich,
itis just aregular 2D plane/surface.
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WO S h I n hands before meals and

cleaning homes with bleach are some of the common
practices people follow to get rid of germs. While most
people associate microorganisms with diseases and
infections, they are actually crucial to our health. Our
digestive tract contains frillions of microbes with up
tfo 1000 species from bacteria, archaea, fungi,
and protists that aid digestion and help maintain
other body functions [1]. Gut microbiota also plays
important roles in other animals. For example, although
herbivores have a plant-based diet, not all of them are
capable of digesting the cellulose in their diet on their
own. Symbiotic bacteria are often required to break
down cellulose to extract glucose for energy.

While humans, as omnivores, do not rely entirely on
breaking down cellulose for energy, our gut microbiota
still plays an essential role in our digestion and
metabolism. The microbiota is capable of fermenting
indigestible dietary fibers into short-chain fafty
acids (SCFAs), which makes up around 10% of our daily
caloric requirement and serve as the major energy
source for cells lining the colon [1]. Not only do the
SCFAs serve as an energy source, but they may serve
as signals that modulate the ability of human cells to
handle fat and sugar.

Maintaining the gut microbial diversity and balance
is crucial fo our health. Low gut bacterial diversity is
correlated with inflammatory bowel disease, diabetes
and obesity [2]. In some cases, antibiotic therapy
disrupts the original gut microbiome and causes the
proliferation of the opportunistic pathogen, Clostridium
difficile, which leads to diarrhea and inflammation
of the colon. Fecal microbiota transplantation (FMT)
— transplantation of feces (with microbiota) from a
healthy donor to the patient’s colon — has been proved
effective to the patients experiencing devastating and
recurring C. difficile infection [3]. Although it does not
sound aesthetically appealing, it helps cure the disease
by restoring the ecology of the gut microbiome.

Besides, the association between specific
microbes and obesity were also discovered.
The bacteria under the genus Christensenella,
which was rarely found in overweight people [2],
has been shown to prevent weight gain in mice [4],
while those under Akkermansia correlate with lower
fat deposition near internal organs in human [5].
Interestingly, however, the colonization of both species
was suggested to be influenced by host genetics [4, 5].
In other words, not all of us can provide a “good home”
for the beneficial microbes.
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% VHBMRE RANAFNREAKERZRESHEAR
PAREFBE - HAKBOALSIEMEN R R RAURRE
&5 EERLLMENHERMANREEHAEE - HMHLEE
BEEHUBRNMEY HPafEZE 1000 EHE M-
BEENREEY ©FEMRBEREFEMSEKE(L B
ERMEHMNHYPCEZERFR INEEERFIVNE
MEUEDRER BEMA—ELEBTHCENINE®R
FHItBREFZBEANREME B ERIRNEERAE

HVREE -

BARNBERMBEN U AT REDREMRRENES
BRMAMBEEFDERMOELCNMAFPEZEREEN
TER - A BB A AR B B R A BB A R SR AR A L
(Short Chain Fatty Acids/SCFAs) - SCFAs £114 % & B £
EFKMN 10% L H2EBAEABNEIEESRR[1]-HE
SCFAs NMETILIRERE R 2RIR - O UMER B EN AR AR i R 38
PR FIRE O E 5% -

HRBEMEDNZRENTERREMANBRETIEE-
BEEARZEMELEEER  BRAMEMESRA [2]- %
HEELN MARSESRERANBEEMEYEZ WE
HEM M RRIEERH#IBE (Clostridium difficile) FIIE3E - 1
MEM IS RMAEBE X - E@MEYTEE (Fecal Microbiota
Transplantation/FMT) 25 ERE (ZE ) KRERIBEE
BREZBENGS EHiCHERNKEREMNERMRE
BERENEEBN (3] BEEERBHEL BEEBMEY
BB A B IR EREMENEZNERREE AR ER

UGS - BB HF TN 2R 1R RE M AE ) 2 BE B 2 ) A A Bt
7B H R ARCEE (Christensenella) WAAERVEBENA
hERIR (2] MARMBRELAETLE L/ NEEEEEM [4];
k5 2 CE B (Akkermansia ) RUAR & RIER A B8 A R MY 3L A9
IEMERNEVER (5] B2 AEBNEEMBENENEE
(colonization) AR EIEEERFE [4, 5] - BAFERR - WIEFR
BARBESBERNMEYRESEN EERE, -



With all these in mind, is it possible to improve our
health by altering our microbiota? The short answer is
yes, and it can be achieved in two ways. The first is fo
use FMT to infroduce the microbiota to the recipient, as
described in the example of how C. difficile infection
can be treated. Scientists also hope that in the near
future, genetically engineered bacteria can act as a
fool to be infroduced o detect and freat diseases like
inflasnmatory bowel disease, as they can be engineered
to produce certain medically beneficial substances
[3]. The second option is fo change our microbiota
composition and metabolism with diet. Dietary patterns
can significantly influence our gut microbiota and in turn
affect our health. For example, food additives, including
sweeteners, have been shown to disrupt gut microbiota
balance and diversity, which as mentioned previously, is
correlated with metabolic diseases [2]. Meanwhile, high
dietary fiber intake was also found to confer short-term
health benefits in trials, possibly through the metabolites
of the microbiota, like SCFAs [2].

Although the exact mechanisms of how
the gut microbiota interacts with the host still
need further investigation, it is evident that gut
microbiota is crucial to our health. With a better
understanding of the interactions with our microbiota,
it is possible that the introduction of microbes intfo guts

BE - BT LURB L S M E RIS H MR RN
0% ? BEERREILIA METLUBBAMES AKER - B8
HAREREEMENBERMEDEFSIAEZENEAR W
EFEEARaEREBRER NP - HEBRMBEREEAKX
Wi REERERAMESES 2 - FRBATSRER (AR
EEBERS)NIE RRTMHulNEEEETE —LEE
EERNYE 3] F_EEEZBRBREXEHMEAMEN
HUMAMNNHE REEEEFERMNBERE ENTE
HPIEE - PINEEEREEAN - 'R A NECHKEE
SERRBEERNFENS MY N XA SRS ER
B [2]- B BRASEREEH AN HKEIRAE N EHRETR
i EUREE R MENERNBEEYRE - 1 SCFAs[2]

ARG E R A PR 2 AR B E MR EI B S E—
THE BRAMBERFHHPNREIFEER - ERER
E—LTRAMEEAMEDENHEDERE  SHEYSIA
P BT BE S A R e B I R m M IE BE S B E RN ERS
% -BIRE RMELIURKENABFE —EaERE KN
ERE —MEMEBERBEFOMENEE—RE!
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can become a mainstream freatment of metabolic
problems like diabetes and obesity. For now, just reach
for the yogurt from the fridge to get some probiotics
(beneficial microorganisms) — as we are, literally, living
together with the microbes in our guts!
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